A three-year-old spayed domestic short-haired cat presented for evaluation of weight loss, cardiomegaly and pleural effusion. Echocardiographic examination demonstrated a thickened pericardium with mild pericardial effusion and a large volume of pleural effusion characterized by exudate. Although the cat was treated with antibiotics, the clinical symptoms did not improve. The cat developed dyspnea and died on day 7. Necropsy revealed a large amount of modified transudates ascites, pleural effusion and markedly dilated pericardium. Histopathological examination revealed severe exudation of fibrin and granulation tissue in a thick layer of the epicardium. The cat was diagnosed with fibrinous pericarditis secondary to bacterial infection.
Pericardial disease is not commonly encountered in cats [6] . Previous studies have reported that the overall incidence of pericardial disease in cats ranges from 1 to 2.3% [6, 22] , with congestive heart failure secondary to cardiomyopathy being the most common cause in cats [9] . Other causes of pericardial disease in cats include neoplasia, trauma, peritoneopericardial diaphragmatic hernia, feline infectious peritonitis (FIP), disseminated intravascular coagulation, renal failure and infective pericarditis [9, 27, 29] . Infective pericarditis has rarely been reported in cats, and the reported causes of this disease include dental infection, pneumonia, abscess, peritonitis, pyometra or idiopathic [14, 17, 19, 22] . In these cases, the long-term use of appropriate antibiotics could induce clinical remission [14, 19] . However, fibrinous pericarditis, which is well recognized in cattle, has a poor prognosis [4] and has rarely been reported in cats and dogs [20, 23] .
In the present study, we described the clinical and histological findings of a feline case of fibrinous pericarditis presumably caused by Moraxella osloensis.
A three-year-old spayed domestic short-haired cat, weighing 3.3 kg, presented to a primary care veterinarian with a one-week history of lethargy, anorexia, dyspnea and weight loss. The cat was group fed, liver indoors, and had no history of trauma. Thoracic radiography revealed cardiomegaly and pleural effusion. Due to lack of response to antibiotics, the cat was referred to the Veterinary Medical Center, Obihiro University of Agriculture and Veterinary Medicine (VMC-OUAVM).
At the time of presentation, salient physical examination findings were tachycardia (224 beats per min), tachypnea (32 breaths per min), lethargy and thin body condition (3/9). The remaining physical examination was unremarkable. Initial laboratory data revealed the following abnormalities; anemia (hematocrit, 24.4%; reference limits, 34-51%), neutrophilia (32.2 × 10 3 / µl; reference limits, 2.3-9.8 × 10 3 /µl), hypoalbuminemia (2.2 g/dl; reference limits, 2.5-3.9 g/dl), hyperglobulinemia (5.2 g/dl; reference limits, 2.6-5.0 g/dl) and low blood urea nitrogen (8 mg/dl; reference limits, 14-28 mg/dl). Feline immunodeficiency virus (FIV) antibody and feline leukemia virus (FeLV) antigen test (IDEXX Laboratories, Westbrook, ME, U.S.A.) were negative. Thoracic radiography revealed an enlarged, globoid cardiac silhouette with a large volume of pleural effusion and dorsal deviation of the trachea (Fig. 1) . Echocardiographic examination demonstrated a thickened pericardium with mild pericardial effusion and a large volume of pleural effusion (Fig. 2) . Following appropriate aseptic skin preparation, thoracocentesis was performed using a 21-gauge needle, and approximately 100 ml of pleural effusion was removed. Fluid analysis revealed an exudate doi: 10.1292/jvms.17-0051 effusion with a total nucleated cell count of 162,000 cells/µl, consisting of 30% macrophages and 70% degenerative neutrophils, and a total protein level of 3.8 g/dl. Although the pleural effusion was submitted for aerobic and anaerobic bacterial culture tests, both cultures eventually returned negative. Fine-needle aspiration of the thickened pericardium was performed, and cytologic evaluation indicated a large amount of degenerative neutrophils with fewer macrophages, lymphocytes and fibroblasts. No neoplastic cells or bacteria were identified. FIP virus polymerase chain reaction (PCR) performed using the pleural effusion sample tested negative, and feline coronavirus titer was medium (1:200) (IDEXX Laboratories).
The cat was treated with ampicillin (20 mg/kg IV q12h) and intravenous lactated Ringer's solution (3 mg/kg/hr). However, the clinical symptoms did not improve, and thoracic radiography revealed a recurrence of the pleural effusion on day 6 of hospitalization. Thoracocentesis was performed again, and approximately 100 ml of pleural effusion was removed. The cat was hypothermic (35.9°C), and enrofloxacin (5 mg/kg SC q24h), furosemide (2 mg/kg SC q12h) and benazepril hydrochloride (0.83 mg/kg PO q24h) were added to the treatment regimen. Despite these measures, the cat developed dyspnea and died on day 7.
Necropsy revealed a large volume of modified transudates cloudy abdominal (total nucleated cell count of 3,200 cells/µl, and total protein level of 3.5 g/dl) and pleural effusion (total nucleated cell count of 4,400 cells/µl, and total protein level of 3.0 g/ dl). The heart was encapsulated by a pale-yellow, fibrinous substance (Fig. 3 ). In the cross section of the heart, the epicardium was covered with an approximately 0.5-to 1.0-cm layer of fibrin (Fig. 4) . The fibrinous layer adhered to the epicardium strongly and could not be separated easily. In addition, there was a 1.5-cm abscess adhered to the pericardium and cranial segment of the left cranial lung lobe. Histopathological examination revealed severe exudation of fibrin with neutrophil infiltration around the epicardium. In particular, an organized granulation tissue was noted between the surface of the epicardium and the fibrinous layer (Fig. 5) . Bacterial colonies were also seen in the fibrinous layer (Fig. 6A) . Special stains revealed that the bacterial colony consisted of small cocci that were negatively stained with Gram's stain ( Fig. 6B and 6C ). Based on these findings, the cat was diagnosed with fibrinous pericarditis secondary to bacteria. Aerobic and anaerobic bacterial cultures were performed using samples from the abscess, pericardial fibrinous layer, pleural effusion and ascites. The aerobic culture performed using the abscess sample showed the growth of Moraxella osloensis, a gram-negative coccus, and the anaerobic culture showed the growth of Bacteroides pyogenes, a gram-negative bacillus. Moraxella osloensis was also detected in the ascites sample. In addition, Brevundimonas vesicularis, a gram-negative bacillus, was detected in the abscess, ascites and pleural effusion samples. Taking into account the morphological characteristics of the bacteria observed in the fibrinous layer, Moraxella osloensis was suspected as the causative agent. A previous report documented the case of cat that developed bacterial pericarditis secondary to bacteremia from a dental procedure, which was caused by a common oropharyngeal microorganism, Peptostreptococcus [14] . Another case report described bacterial pericarditis in a cat with pyometra and hematogenous spread of Escherichia coli [17] . In addition, Enterobacteriaceae and Staphylococcus spp. infections resulted in septic pericarditis in another cat [26] . Furthermore, Pasteurella multocida, Actinomyces canis, and Fusobacterium and Bacteroides spp. were detected in the pericardial fluid of a cat with septic pericarditis [19] . In the present report, Moraxella osloensis, Bacteroides pyogenes and Brevundimonas vesicularis were detected from the abscess, ascites and pleural effusion. Moraxella osloensis is a normal commensal of the upper respiratory tract in humans [8] , and Moraxella spp. are commonly detected in the healthy feline oral cavity [24] . Bacteroides spp. have been isolated from the oral flora of cats [15] , and Bacteroides pyogenes has been detected in cat bite wounds in a human patient [16] . Brevundimonas vesicularis has been isolated from the external environment [28] . It was reported that Moraxella osloensis and Brevundimonas vesicularis could induce bacteremia and/or infective endocarditis in immunocompromised human patients [8, 16, 28] . In this study, histopathological examination revealed gram-negative, small cocci in the fibrinous layer. Although Moraxella osloensis was not isolated from the bacterial cultures of the pericardium in the present case, Moraxella osloensis was suspected as the causative agent based on the morphologic appearance and gram staining of the bacteria in the fibrinous pericardium. The cat reported here was not infected with FIV and FeLV, which are known to cause immunosuppression in cats. On the other hand, a part of the cat's left lung was abscessed and adhered to the pericardium, suggesting a possible respiratory origin of the bacteria. Although the infection course of these pathogens is unidentified, it was suggested that inflammatory processes in adjacent lung parenchyma might produce the abscess and cause the spread to the pericardium.
Previously published reports on bacterial pericarditis in cats have shown that retention of the pericardial fluid is the main constituent, and fibrin exudation is not as severe as seen in the present case. Based on the necropsy and histopathological examination findings, we diagnosed this cat with fibrinous pericarditis due to bacterial infection. Fibrinous pericarditis, which is well recognized in cattle, has rarely been reported in dogs, horses and pigs [1, 4, 5, 23] . In cats, only one case of the fibrinous pericarditis caused by FIP has been reported [20] . Feline coronavirus titer of the case was medium (1:200). Therefore, we suggested that antibody titers measured in the serum be interpreted cautiously, and that medium titers do not have any value in diagnosing FIP [10] . In addition, many healthy cats exposed to the feline enteric coronavirus have titers ranging from 1:100 to 1:400 [21] . PCR examination for the detection of FIP using a pleural effusion sample was negative. Compared with serological tests, PCR provides the obvious advantage of directly detecting the infection, together with higher sensitivity and specificity in case of cell-free body cavity effusion [7, 10] . Moreover, the histopathological findings of the pericardium in the present case were not identical to the typical findings of FIP infection. The appropriate therapeutic approach for infective pericarditis in cats is unclear because of the low incidence and small number of published case reports. In general, therapy for infective pericarditis requires pericardiocentesis for drainage of the purulent effusion and the administration of antimicrobial agents [3] . Appropriate antibiotic therapies have reportedly resulted in complete resolution of the pericardial effusion in two cats [14, 19] . In contrast, pericardiectomy is the treatment of choice for dogs and cats with evidence of infectious pericardial disease [2, 17, 25] . In human medicine, pericardiectomy is typically reserved for people who develop constrictive pericarditis [13] . Doppler echocardiography and cardiac catheterization have also been used for the diagnosis of constrictive pericarditis in cats [18, 25] . In this case, aerobic and anaerobic bacterial cultures using pleural effusion samples were performed at the time of presentation to VMC-OUAVM. However, no bacteria were cultured and antibiotic selection based on susceptibility testing could not be performed. Because empirically administered antibiotics could not improve the clinical symptoms in the present case, broad-spectrum antibiotics should have been started immediately. In this case, a large amount of ascites and pleural effusion characterized by modified transudates were seen at necropsy. It was thought that fluid administration converted the exudative effusion to a modified transudate. In addition, severe fibrin exudation and subsequent organization resulted in constrictive pericarditis and induced decompensation and congestive heart failure. It might be necessary to use cardiotonic agents for the purpose of improvement of the heart failure, and pericardiectomy might be suitable in such cases. Effusiveconstrictive pericarditis induced by coccidioidomycosis and several neoplastic pericardial diseases have been reported in dogs [11, 12] . However, these findings were not seen on histological examination in the present case.
In conclusion, fibrinous pericarditis is a rare in cats, and empirical administration of antibiotics without surgical management could be insufficient for the treatment of the fibrinous pericarditis. This report described a rarely case of fibrinous pericarditis in a cat secondary to bacterial infection. Based on the morphological characteristics of the bacteria, Moraxella osloensis was suspected 
